The crystal structures of two substituted HATN (hexaazatrinaphthylene) derivatives, namely 2, 3, 8, 9, 14, 3, 8, 9, 14, 6, 11, 12, 17, and HATNPh 6 ), are reported. Whereas the structure of the methyl-substituted derivative (HATNMe 6 ) contains no solvent molecules (C 30 H 24 N 6 ), the hexaphenylsubstituted structure (HATNPh 6 ) contains two molecules of dichloromethane (C 60 H 36 N 6 Á2CH 2 Cl 2 ). This class of planar bridging ligands is known for its electron-deficient systems and its ability to form -stacking interactions. Indeed, in both crystal structures strong -stacking interactions are observed, but with different packing features. The dichloromethane molecules in the crystal structure of HATNPh 6 are situated in the voids and are involved in C-HÁ Á ÁN contacts to the nitrogen atoms of the pyrazine units.
Chemical context
Over the last decades, hexaazatriphenylene (HAT) and its derivatives have shown numerous applications in magnetic materials, semiconductors, sensors and polymers for energy storage (Segura et al., 2015) . These electron-deficient, aromatic and planar systems are known for their excellentstacking ability (Alfonso & Stoeckli-Evans, 2001 ) and their three potential chelating positions to form metal complexes. Therefore, a variety of metal HAT or HATN (hexaazatrinaphthylene) complexes are known (Kitagawa & Masaoka, 2003) . Complexes with ruthenium (HATN; Ghumaan et al., 2007) , rhenium (HATN; Roy & Kubiak, 2010) , cobalt (HATN; Moilanen et al., 2016) and titanium (HATNMe 6 ; Piglosiewicz et al., 2005) have been investigated, in particular due to their interesting electrochemical, photophysical and magnetic properties. The synthesis, electrochemical and photophysical properties of the title compounds HATNMe 6 (1) (Catalano et al., 1994; Fraser et al., 2011) and HATNPh 6 (2) (Gao et al., 2009) have already been published. Herein we report on the corresponding crystal structures of the two HATN derivatives.
Structural commentary
The title compound HATNMe 6 (1) crystallizes without solvent molecules in the orthorhombic space group Pbcn with four formula units per unit cell and half a molecule of HATNMe 6 in the asymmetric unit, the other half being completed by twofold rotation symmetry (Fig. 1) . The molecule is nearly planar with a slight deviation of the outer annulated benzene ISSN 2056-9890 rings [2.25 (6) for C8-C13 and 4.09 (6) for C4-C6 i ; symmetry code: (i) 1 -x, y, 1/2 -z]. The central six-membered ring of 1 exhibits three longer (C1-C2, C3-C3 i : average 1.474 Å ) and three shorter (C2-C3, C1-C1 i : average 1.427 Å ) C-C bonds. The C-C bonds at the annulated benzene rings show differences in bond lengths. While the outermost bonds (C10-C11 and C6-C6 i , respectively) are elongated (average 1.438 Å ) the bonds to the left and right of these bonds (C5-C6, C9-C10, C11-C12) are shortened (average 1.366 Å ).
HATNPh 6 (2) crystallizes with two molecules of CH 2 Cl 2 in the triclinic space group P1 with two formula units per unit cell (Fig. 2) . The molecule is, aside from the terminal phenyl groups, nearly planar with a slight deviation of the outer annulated benzene rings [9.97 (6) for C43-C48, 8.96 (6) for C7-C12, and 4.11 (6) for C25-C30]. The terminal phenyl groups do not lie in this plane and are twisted [dihedral angles between the least-squares planes of the six-membered central ring system and the phenyl rings: 47.60 (7) for C49-C54, 54.11 (7) for C55-C60, 32.99 (6) for C19-C24, 47.26 (6) for C13-C18, 46.74 (6) for C31-C36 and 44.26 (7) for C37-C42]. The central six-membered ring of 2, like in HATNMe 6 (1), exhibits three longer (C2-C3, C4-C5, C6-C1; average 1.474 Å ) and three shorter (C1-C2, C3-C4, C5-C6; average 1.430 Å ) C-C bonds. These distances are slightly shorter in comparison with HATN (Alfonso & Stoeckli-Evans, 2001 ; average 1.48 and 1.43 Å ) but still longer than known for HAT(CONH 2 ) 6 (Beeson et al., 1996 ; average 1.46 and 1.41 Å ). As has been noted for HATNMe 6 (1) above as well as for HATN (Alfonso & Stoeckli-Evans, 2001) , the annulated benzene ring shows differences in C-C bond lengths. For 2, the outermost bonds (C9-C10, C27-C28 and C45-C46, respectively) are elongated (average 1.449 Å ) and the bonds to the left and right of these bonds (C8-C9, C10-C11, C26-C27, C28-C29, C44-C45, C46-C47) are shortened (average 1.379 Å ).
Supramolecular features
As a result of the -stacking ability of trinaphthylene derivatives HATNMe 6 (1) and HATNPh 6 (2), these molecules stack in layers in their respective crystal structures. In the crystal packing of HATNMe 6 (1), a herringbone-like arrangement of molecules is observed (Figs. 3 and 4) . Individual molecules are arranged in layers and have a short planeto-plane distance (defined by the central rings) of 3.3602 (5) Å . However, the -overlap occurs only in small areas, as shown by the rather large parallel displacement of the molecules with an angle of 31.52 and a shift of 5.48 Å between the centroids. The resulting layers within the The structures of the molecular entities in 2. Displacement ellipsoids are drawn at the 50% probability level. H atoms are drawn as spheres of arbitrary size.
Figure 1
The molecular structure of 1 with the atom labelling and displacement ellipsoids drawn at the 50% probability level. H atoms are given as spheres of arbitrary size. Unlabelled atoms are generated by the symmetry operation (1 À x, y, herringbone-like structure stack at an angle of 63.1 to each other.
The molecules of HATNPh 6 (2) form centrosymmetric dimers that are stacked perfectly parallel by van der Waals interactions but with a parallel displaced -stacking. The plane-to-plane distance (defined by the central rings) within a dimer of 3.2518 (5) Å is shorter compared to the corresponding distance in 1. This distance, as well as the short centroid-to-centroid distance of 3.4018 (7) Å are both at the lower limit of ranges known for metal complexes with aromatic nitrogen-containing ligands (Janiak, 2000) . The plane-to-plane distance between adjacent dimers is 3.15 Å . The parallel displacement between the layers (Fig. 5) is much shorter than for HATNMe 6 (1), with an angle of 16.8 and a shift of approximately 1 Å . Comparing the plane-to-plane distances of the title compounds with related derivatives like HATN (Alfonso & Stoeckli-Evans, 2001 ; 3.66 Å ) and HAT(CONH 2 ) 6 (Beeson et al., 1996; 3.31 Å ) , the dimers of HATNPh 6 (2) have the shortest contact and the shortest displacement in -stacking. Further interactions between the terminal phenyl rings and the pyrazines rings interconnect the dimers. The dichloromethane solvent molecules are located near the electron lone pairs of the N atoms in the voids of the packed molecules. They bridge two molecules of 2 and consolidate the crystal packing through weak C-HÁ Á ÁN hydrogen-bonding interactions ( 
Synthesis and crystallization
Hexaketocyclohexane octahydrate and 4,5-diphenyl-1,2-diamine were prepared according to published procedures (Fatiadi & Sager, 1962; Shao et al., 2012; Gao et al., 2009) .
Synthesis of 1. HATNMe 6 was synthesized by a published procedure (Catalano et al., 1994) . Crystals suitable for single crystal X-ray diffraction were obtained by slow evaporation of a benzene solution of 1.
Synthesis of 2. HATNPh 6 was synthesized based on a literature method (Gao et al., 2009) . 4,5-diphenyl-1,2-diamine (1.8 g, 6.9 mmol) and hexaketocyclohexane octahydrate (0.54 g, 1.72 mmol) in 100 ml acetic acid were heated up to 373 K for 36 h under a nitrogen atmosphere. After cooling to room temperature the reaction mixture was filtrated and the resulting yellow solid was washed with plenty of water and 2 M KOH solution. The solid was suspended in a mixture of dichloromethane (100 ml) and a saturated K 2 CO 3 solution (100 ml) overnight in order to remove all traces of acetic acid. After filtration and washing with water, the solid was dried in a vacuum to give 2 as a yellow solid in 72% yield. Crystals suitable for single crystal X-ray diffraction were obtained by slow evaporation of a CH 2 Cl 2 solution of 2.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Hydrogen atoms bound to C atoms were located from difference-Fourier maps but were subsequently fixed to idealized positions using appropriate riding models.
Acta Cryst. (2018). E74, 167-171 research communications Table 1 Hydrogen-bond geometry (Å , ) for 2. (Stoe, 1999) for (1); APEX2 (Bruker, 2013) for (2). Cell refinement: IPDS (Stoe, 1999) for (1);
SAINT (Bruker, 2013) for (2). Data reduction: X-RED (Stoe, 2002) for (1); SAINT (Bruker, 2013) for (2). Program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) for (1); SHELXS2013/1 (Sheldrick, 2015a) for (2). For both structures, program(s) used to refine structure: SHELXL2017/1 (Sheldrick, 2015b) ; molecular graphics: DIAMOND (Brandenburg & Putz, 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010). 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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